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Abstract: In the present work, an attempt is made to partially replace the high cost silica sand 
with sustainable eco-friendly material, namely cow-dung. Practical utility of cow dung as a 
binding and additive material in foundries has been tested in the present work. Taguchi method 
is used to plan and conduct nine experiments with three replicates each. Pareto analysis of 
variance study is done to understand the practical significance of moulding sand variables 
namely percent of cow dung, percent of clay, percent of water, and degree of ramming on sand 
mould properties. The conflicting multiple objective functions (maximize: mould hardness, and 
minimize: collapsibility and gas evolution) are optimized by utilizing data envelopment 
analysis ranking (DEAR) method. The optimal parameter levels i.e. 6% of clay, 4% of water, 
5% of cow-dung and 4 numbers of ramming strokes are obtained by applying hybrid Taguchi-
DEAR method. These parameters yielded  the best moulding properties i.e. mould hardness 55, 
gas evolution 5.9 ml/gm , and collapsibility 470 g/cm2.  Thereafter, Lovejoy coupling made of 
aluminium is cast in the sand mould prepared with cow-dung and without cow-dung. The sand 
mould is prepared with the optimum set of parameters and the casting produced in the mould 
has been tested for its quality characteristics.  The mechanical properties, surface finish, and 
microstructure of the casting made in sand mould with cow-dung are found to be better than 
that obtained with sand mould without cow-dung. The present research work is found to be 
more useful in foundries for sustainable production of good quality casting.  
Keywords: Casting, Cow-dung, Optimization, Sand mould, Sustainability 
1. Introduction 
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Clay bonded and chemical bonded sand moulds are commonly used in modern foundries 
for casting metal parts. Chemical based sand moulds will offer excellent design flexibility for 
the production of intricate shape parts. However, chemical binders will emit the toxic gases 
that pollute environment and causes serious threat to human health and poor reclaim-ability 
[1]. Strong and hard moulds obtained by chemical based sand moulding results in a poor 
collapsibility, which causes crack or hot tear type of casting defects [2-3]. Therefore, modern 
foundries will demand the use of green sand moulding processes for production of good quality 
castings. This is mainly due to the inherent characteristics such as, eco-friendly process, free 
from health hazards, reclaim-ability and better collapsibility, possessed by green sand moulds. 
The global production of casting parts is increasing continuously, in the year 2000, the 
annual production rate was 64.5 million tons, which became 103.64 million tons in 2014 [4]. 
Silica sand constitutes the major part (around 80 to 96%) in sand moulds, however the global 
production of silica sands are declining from 122 million metric tons in 2007 to 111.5 million 
tons in 2009 [5-7]. Typically, one ton of silica sand is needed for each tonnage of steel castings 
and after successful usage the fresh silica sand is added to obtain the desired sand mould 
properties [8]. The depleting natural resources will restrict sand quarrying by government for 
the production of silica sands and this has resulted in scarcity and high cost [9]. Further, 
chemical binders will emit harmful toxic compounds that will not only affect the human health, 
but also pollute environment [1].  
In general, during metal pouring, the mould must possess sufficient strength and hardness 
to withstand the sand drop. On the contrary, the compacted mould must also provide sufficient 
space for the generated gases to escape out easily, without causing hot tear defects in castings 
[3]. After ensuring complete solidification, the mould should collapse easily without the 
requirement of knockout machine. This led a significant scope to conduct a great deal of 
research work to identify the appropriate sustainable material for silica sand that could yield 
better sand mould properties (i.e. collapsibility, gas evolution and mould hardness) in foundry 
applications.   
A number of research attempts were made to replace silica sand either partially or 
completely with alternate moulding materials around the globe. The inclusion of additives (sea 
coal, iron dust, phosphate, saw dust, nano-materials, and wood flour etc.) to moulding sand 
will enhance the specific moulding sand properties. This will result in high temperature 
plasticity and restrict the metal penetration that will improve surface quality of castings [10-
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12]. However, the aforementioned additives will suffer from some inherent limitations and 
therefore do not contribute to overall sustainability in moulding and casting. Investigations on 
appropriate choice of moulding sand additives (i.e. coal dust, saw dust, and iron fillings) are 
tested for different sand mould properties [13]. The relatively thin fibrous saw dust materials 
will improve mould compaction during metal pouring and burn a small portion of material that 
offers better collapsibility compared to other additives [12-14]. The saw dust can replace the 
silica sand with an appropriate proportion of up to 25% [13]. Although the saw dust additives 
offer better sand mould properties (i.e. permeability, strength, and collapsibility), do not poses 
specific binding characteristics.  
With an aim to minimize the casting defects, some attempts were made to optimize 
moulding sand variables that yielded best sand mould properties [15, 16]. It is known that the 
complex characteristics of process variables are prone to casting defects [17]. The practical 
guidelines suggested in the casting data hand books, such as try-error-method and expert’s 
suggestions may produce better results for single response. However, they yield contradictory 
solutions with multiple outputs that possess conflicting requirements [18]. In some previous 
research, Taguchi method was employed to obtain the quality castings by optimizing the sand 
mould properties with appropriate choice of moulding sand variables [15-19]. Percent of clay, 
water, and degree of ramming contributions were found to be more on different moulding sand 
properties and casting defects [19-21]. Taguchi method can effectively determine the optimal 
set of process variables for an individual output, whereas for multiple outputs with conflicting 
goals, it has some limitations [22]. Taguchi method work purely on judgemental (i.e. weights 
or importance) and subjective process knowledge for multiple objective functions [23]. The 
selected weights based on foundry personal or expert’s judgement could result in contradictory 
solutions due to uncertainty in decision making process. To solve the complex multi-objective 
problems, a suitable technique that can estimate weights more precisely and provide complete 
insights with simple mathematical computations are of industrial relevance.  
In recent years, Data envelopment analysis ranking (DEAR) technique along with Taguchi 
method has drawn significant attention in solving the multiple, conflicting outputs of different 
machining processes in combination with Taguchi method [24, 25]. Note that, the foundry 
personnel will aim to attain higher mould hardness that improves the dimensional accuracy and 
surface finish of casting.  
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Cow-dung is an eco-friendly binding and additive material which does not emit toxic gases, 
and protect human health from hazardous environment [26, 27]. Cow-dung is a relatively thin 
fibrous low-density material. It is a sustainable material which has both additive and binding 
characteristics, and can provide better compaction of moulding sand.  It is also a point of 
investigation to know effectiveness of cow-dung in improving the collapsibility and minimize 
the incidence of casting defects. The above said properties are governed by appropriate set of 
control variables such as percent of cow-dung, percent of clay, percent of water and degree of 
ramming.  
The literature review summarizes that not much research efforts are made in finding and 
evaluating performance of eco-friendly additive and binder material as a sustainable alternate 
in moulding and casting. In addition, optimization of most influencing variables with the 
conflicting nature of impact sand mould properties (minimize: gas evolution, and collapsibility; 
and maximize: mould hardness) requires further attempts to establish better results and 
practices.   
The present research work fulfils the gap where cow-dung has been explored as an eco-
friendly additive and binding material. Further, the effect of cow-dung performance on quality 
of mould and casting is also tested. Taguchi robust design technique is utilized for experiment 
planning and result analysis, whereas process parameter optimization is carried out by DEAR 
method.  
2. Experimentation, Measurement and Optimization 
 
Figure.1 illustrates the sequence of tasks and details of various steps used in this research work. 
The various important steps and tasks conducted in this research work are discussed below. 
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 Fig. 1 Methodology for modelling and optimization of sand moulding cow-dung additive 
process 
Step 1: Selection of moulding sand variables and their operating levels  
The moulding sand properties are governed by variables, namely amount of clay, water and 
cow-dung, and degree of ramming (i.e. number of stroke). The function of clay is to provide a 
cohesive bonding action between the sand grains. The desired moulding strength/hardness can 
only be obtained with more quantity of clay in the sand mix. On the contrary, after attaining 
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the highest possible strength in the mould corresponding to certain percent of clay, further 
increase in amount of clay content could result in low permeability [28] and high gas evolution 
[29]. Clay gets activated in the presence of water and develops necessary plasticity and 
strength. Too little quantity of water may not be sufficient to activate the entire clay which 
helps in bonding. Beyond the optimal limit, addition of water could decrease the permeability 
as the majority of the space between the sand grains are occupied by free water [28]. Increase 
in number of strokes could improve the mould hardness, but affect both gas evolution and 
collapsibility [11]. Low values of degree of ramming could result in reduced strength and 
hardness in the mould [11]. In general, low quantity of cow-dung might occupy the radical 
space between the sand grains and its adhesive nature could improve mould strength/hardness. 
Beyond the optimal level of cow-dung, it will reduce compaction (strength or hardness), but 
improves collapsibility and gas evolution. The control variables and their operating levels are 
set based on some preliminary investigations, consultation with foundry experts and available 
literature (refer Table 1).        
Table 1 Moulding sand variables and their operating levels 
Sl. No. Moulding sand parameters Notation Levels 
Low Medium High 
1 Percent of clay A 2 4 6 
2 Percent of water B 4 6 8 
3 Percent of cow-dung C 5 10 15 
4 Number of strokes D 3 4 5 
 
 
Step 2: Measurement of responses 
The test samples are prepared according to American Foundry Society (AFS) standards for 
measuring the sand mould properties (i.e. MH and CP). The collapsibility and mould hardness 
are measured using the hydraulic strength measuring unit and mould hardness tester 
respectively. The gasses evolved in sand moulds will create mould pressure and damage the 
metal mold interface resulting in the formation of scabs, pin holes and orange peel casting 
defects [30]. In addition, GE in foundries pollute environment and create issues with human 
health hazards [1]. One gram of mixed sand is taken in a ceramic boat and placed in a tightly 
sealed heating chamber subjected to a temperature of 850o C. The kinetics of the evolved gases 
from the moulding sand is measured with the help of displacement of water level in the burette. 
The unit of gas evolution is ml/g.  
Step 3: Experimental plan and Pareto analysis of variance  
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The moulding sand ingredients (i.e. 50-55 GFN of silica sand, clay, water, and cow-dung) 
are mixed thoroughly in sand muller for a fixed duration of 5 minutes. The control variables 
and their operating levels, chosen for preparation of test specimen are shown in Table 1. 
Taguchi L9 orthogonal array of experiments are chosen for actual plan of experiments. The 
samples are prepared according to AFS test standards to measure the sand mould properties 
(i.e. CP, MH, and GE). Three replicates are chosen for each set of experimental trials and the 
average values are presented in Table 2. Lower-the-better quality characteristics is selected for 
GE and CP, whereas higher-the-better performance characteristics for MH. The Pareto analysis 
of variance is conducted to know the individual percent contribution on different sand mould 
properties. The optimum level of input variable corresponding to each performance 
characteristics is determined using Taguchi method.  
Step 4: Multi-objective optimization of sand moulding parameters  
Taguchi method will estimate the optimal levels for individual output, but limit to suggest 
for multiple outputs with conflicting nature. The optimal levels for conflicting objective 
function are determined by utilizing Taguchi-DEAR method.         
Data Envelopment Analysis based Ranking (DEAR) Method. In DEAR method, the multi-
response performance index (MRPI) is determined by mapping the combination of actual 
output values with a suitable ratio of weighted sum of larger-the-better performance 
characteristics to smaller-the-better quality characteristics. The MRPI values are determined to 
know the set of optimal variables and their corresponding levels of moulding sand. The steps 
followed in computing MRPI values, by utilizing the DEAR method are discussed below [26, 
27],     
1. Determination of weights for the individual output corresponding to all experiments: 
The mathematical computation of estimating the functional weight of each output is the 
ratio between each output (i.e. response) at any experimental condition to the sum of 
all experimental output conditions. Larger-the-better quality characteristics are selected 
for MH, and smaller-the-better performance characteristics for GE and CP. The 
functional weight computation, corresponding to each output is done using the Eq. 1, 
1 1,    ,                       (1)1 1MH CP GE
MH CP GEW W W
MH CP GE
      
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2. Determination of output data into weighted data correspond to all experiments: The 
transformation of actual response data into weighted data is done by multiplying the 
functional response value with its own weight as shown in Eq. 2,  
 
  ,      ,                   (2)MH GE CPM MH W G GE W C CP W       
   3. Estimation of MRPI values for all experiments: The ratio of larger-the-better to smaller-
the-better quality characteristics determines the MRPI values (refer Eq. 3). Where M, G 
and C represent the weighted data of variables such as MH, GE and CP, respectively.   
                         (3)MMRPI
G C
   
3. Results and Discussions 
 Analysis of the experimental data, establishing input-output relation, ANOVA results 
for each of the response and optimization results are discussed in the following subsections. 
3.1 Analysis of Results 
Result analysis is carried out on the experimental data collected and systematically 
presented in this section. Table 2 presents the values of responses corresponding to all nine 
experimental combinations of process parameters. The results of Pareto ANOVA for the 
responses are presented in Table 3 and Table 4. The optimal factor levels for conflicting outputs 
(maximize: MH and minimize: CP and GE) are solved by utilizing DEAR method.  
Table 2 Taguchi L9 orthogonal array experimental results and MRPI values 
Trial No. Input factors  Output variables Weights of output variables MRPI 
A B C D MH GE, ml/gm CP, g/cm2 WMH WGE WCP 
1 2 4 05 3 52 11.6 320 0.1090 0.0873 0.1358 0.1275 
2 2 6 10 4 46 11.4 300 0.0964 0.0888 0.1448 0.0997 
3 2 8 15 5 45 14.7 270 0.0943 0.0689 0.1609 0.0955 
4 4 4 10 5 57 11.3 480 0.1195 0.0896 0.0905 0.1532 
5 4 6 15 3 45 16.3 360 0.0943 0.0621 0.1207 0.0955 
6 4 8 05 4 57 7.5 600 0.1195 0.1350 0.0724 0.1532 
7 6 4 15 4 62 6.8 400 0.1300 0.1489 0.1086 0.1813 
8 6 6 05 5 61 6.5 490 0.1279 0.1558 0.0887 0.1754 
9 6 8 10 3 52 6.2 560 0.1090 0.1634 0.0776 0.1275 
 
 
 
 
9 
 
Table 3 Pareto ANOVA for the response, CP and MH 
Outputs Mould hardness (higher-the-better) Collapsibility (lower-the-better) 
Control 
factors Levels A B C 
D ST A B C D ST 
SFL 
1 143 171 170 149 
477 
890 1200 1410 1240 3780 
2 159 152 155 165 1440 1150 1340 1300 
3 175 154 152 163 1450 1430 1030 1240 
SSD 1536 654 558 456 3204 616200 133800 245400 7200 1002600 
PCR 47.94 20.42 17.42 14.22 100 61.45 13.35 24.48 0.72 100 
Optimum levels A3 B1 C1 D2  A1 B2 C3 D1  
A: Percent of clay, B: Percent of water, C: Percent of cow-dung, D: Number of strokes, SFL: Sum at factor levels; 
SSD: Sum of squares of differences; ST: Total sum of squares; PCR: Percentage contribution ratio 
Table 4 Pareto ANOVA for the response, GE and MRPI 
Outputs Gas evolution (lower-the-better) MRPI (higher-the-better) 
Control 
factors Levels A B C 
D ST A B C D ST 
SFL 
1 37.7 29.7 25.6 34.1 
92.3 
0.3228 0.4620 0.4562 0.3505 
1.2088 2 35.1 34.2 28.9 25.7 0.4019 0.3707 0.3805 0.4342 
3 19.5 28.4 37.8 32.5 0.4842 0.3762 0.3722 0.4241 
SSD 581.36 55.58 238.94 119.36 995.24 0.0391 0.0157 0.0128 0.0125 0.0802 
PCR 58.41 5.59 24.01 11.99 100 48.76 19.59 16.01 15.64 100 
Optimum levels A3 B3 C1 D2  A3 B1 C1 D2  
It has been observed from Pareto analysis of variance (ANOVA) that, percent of clay is 
found to have a major contribution followed by percent of water, percent of cow-dung, and 
number of strokes. The cohesion between sand grains are strengthened, thereby mould hardness 
is improved with increased percent of clay. The low water content is found to be sufficient to 
activate or plasticize the whole clay added to sand. Increased percent of cow-dung could lead 
to replace the high-dense sand particles, which results in low mould hardness. Note that 
increased degree of ramming does not alter their mould property after attaining highest 
strength. Thus, A3B1C1D2 is treated as the optimum levels to attain highest possible mould 
hardness (refer Table 3). However, collapsibility refers to the retained strength and is measured 
as strength of specimen heated at high temperature for a period of three minutes. Collapsibility 
is directly proportional to the mould hardness (i.e. higher MH results in high CP). However, 
low collapsibility value is desired for an industry personal for ease of removal of castings and 
reduce hot tear defects. The input variables behave conversely for the desired higher mould 
hardness and low collapsibility. Therefore, A1B2C3D1 is the optimal levels for collapsibility 
(refer Table 3). Important to note that percent of clay is found to have maximum impact and 
negligible effect with the number of strokes for collapsibility. Reduced percent of clay will 
emit low amount of gases. On the contrary, increased percent of moisture content in the mould 
favors to evolve more gases. Moreover, cow-dung due to its relatively thin fibrous nature burns 
when subjected to higher temperature and increases the gas evolution with their higher cow-
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dung content. The contribution of cow-dung for MH, CP, GE and MRPI is found to be greater 
than 16%, which indicates that the cow-dung not only acts as a substitute material, but also 
possesses binding characteristics. Finally, the combination A3B3C1D2 is found as an optimal 
set of input condition for obtaining low gas evolution (refer Table 4).  
3.2 Optimization of Sand Mould Properties 
Taguchi DEAR method will combine all output with conflicting requirement and the necessary 
computation is shown in Section 2 (refer Table 2). The percentage contribution ratio (PCR) 
values are found to be equal to 48.76%, 19.59%, 16.01% and 15.64%, for percent of clay, 
percent of water, percent of cow-dung and number of strokes, respectively (refer Table 4). The 
optimal set of parameters (A3B3C1D2) for the combined conflicting objective function are 
found to be 6% of clay, 4% of water, 5% of cow-dung and 4 number of strokes (refer Table 4). 
It is to be noted that, the input combination of A3B1C1D2 for MH, A1B2C3D1 for CP, A3B3C1D2 
for GE and A3B3C1D2 for the combined single output (i.e. MH, GE, and CP) are found to be 
optimal and not found among the combination of L9 orthogonal array of Taguchi method. The 
confirmation experiments have been conducted with the input parameters set at optimal level. 
The response values obtained with the experiments conducted at optimal set of parameters 
(A3B3C1D2) are found to be equal to 55 for MH, 5.9 ml/gm for GE and 470 gm/cm2 for CP. 
Important to note that, cow-dung is treated as a sustainable material to partially replace the 
silica sand, as its contribution towards all the sand mould properties is found equal to 16.01%. 
Further, unlike chemical resins and wood, the cow-dung does not emit toxic gases which 
protect the foundry environment and human health. Cow-dung in sand mould will produce 
radical spaces when exposed to heat favors better collapsibility. The research work shows that, 
sand moulds with addition of 5% of cow-dung will improve mould properties and produce 
good quality sand moulds. Thus it is possible to reduce 5 ton silica sand with every 100 ton 
requirement of silica sand in foundries. 
4.  Comparative Evaluation 
In this section, a comparative study between the castings obtained in sand moulds with and 
without the addition of cow-dung is made.  Sustainable (environmental, social and economic) 
moulding materials and casting routes are of industrial relevance. The eco-friendly cow-dung 
additive used in sand moulds will limit the scarcity of high cost silica sand and minimizes 
hazardous toxic gases. Inappropriate set of moulding sand materials could result in many 
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casting defects [31]. Taguchi-DEAR method is used to optimize the moulding sand properties, 
possessing conflicting requirements (i.e. maximize: MH, and minimize: CP and GE). The sand 
mould is prepared for different conditions (with and without addition of cow-dung) and by 
using cast iron pattern. Lovejoy coupling casting part is widely used in centrifugal pumps, fans, 
blowers, gear box and in machines. LM25 Al alloy (refer Table 5 for chemical composition) is 
used to prepare molten metal and poured into the sand mould at 720 oC for the optimized sand 
mould conditions (refer Table [6]), to obtain Lovejoy coupling castings. The cast iron pattern 
and the couplings prepared for different sand moulding conditions are shown in Fig. [2].       
Table 5 Chemical composition of LM25 alloy 
Si Cu Fe Mn Mg. Zn Cr Ni Pb Sn Ti Al. other 
7 0.037 0.58 0.016 0.502 0.009 0.018 0.011 0.007 0.0014 0.015 91.8 0.004
Table 6 Experimental values of moulding sand variables and properties 
Moulding Condition Input variables Output variables 
Sand mould with cow-
dung 
Percent of clay: 6  Mould hardness: 55 
Percent of water: 4 Gas evolution: 5.9 ml/gm 
Percent of cow-dung: 5 Collapsibility: 470 g/cm2 
Number of strokes: 4 
Sand mould without 
cow-dung 
Percent of clay: 6  Mould hardness: 53 
Percent of water: 4 Gas evolution: 5.4 ml/gm 
Number of strokes: 4 Collapsibility: 550 g/cm2 
Table 7 Casting properties obtained for sand mould with and without cow-dung 
Casting properties Sand mould 
with cow-dung
Sand mould 
without cow-dung 
Surface roughness, µm 4.04 4.68 
Ultimate tensile strength, MPa 138 131 
Hardness (BHN) 58 56 
 
Table 7 presents the mechanical properties of cast samples obtained for sand mould with 
and without cow-dung. The test specimen are prepared from castings by using milling 
operation, followed by polishing, cleaning, air-drying and applying keller’s solution (95% H2O 
+ 1% HF + 1.5% HCL + 2.5% HNO3). The samples are prepared as per ASTM E8 standards 
and are tested for tensile strength by using electronic tensometer (i.e. ultimate tensile strength 
and yield strength). Mitutoyo Surftest SJ-301 device is employed to measure the surface 
roughness of a casting samples as per JIS 2001 standard. Atomic force microscopy (AFM) 
being an excellent tool, is employed to know the casting surface texture, which includes 
roughness, waviness, lays and flaws. ASTM E 10 standard is used to measure the hardness 
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(BHN) of casting. The Lovejoy coupling castings used for measuring surface roughness, 
hardness and tensile strengths are shown in Fig. 2.    
 
Fig. 2 Lovejoy coupling part: a) pattern, b) casting of sand mould without cow-dung and c) 
casting of sand mould with cow-dung 
 
Figure 3 shows the scanning electron micrographs of internal structure of LM25 aluminum 
castings made in sand moulds with and without cow-dung. It is observed that the cast structure 
obtained in sand mould without cow-dung resulted in coarse grains with large size dendrite 
arms (refer Fig. 3a-d). Further, the castings produced in sand mould without cow-dung showed 
slightly less hardness and ultimate tensile strength. This could be due to the result of coarse 
dendrite structure obtained in sand mould without cow-dung (refer Fig. 3c). The microstructure 
of casting produced in sand mould with cow-dung showed equiaxed fine grain structure with 
better hardness and ultimate tensile strength. Thus, the mechanical properties (i.e. hardness and 
ultimate tensile strengths) of cow-dung based casting are better than the castings of sand mould 
without cow-dung. Moreover, the sand mould with cow-dung produces better casting surface 
finish as well. This occurs due to the fact that cow-dung could accommodate in between the 
radical space of sand particles, thus limit the molten metal penetration. Figure 4 illustrates the 
surface texture of castings obtained from the sand mould without cow-dung (Fig. 4a) and with 
cow-dung (Fig. 4b). It is seen from the Figs 4a-b that, the surface roughness profiles for casting 
with cow-dung are better than castings prepared in sand moulds without cow-dung.           
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Fig. 3 SEM images of casting quality characteristics: a) and b) sand mould with cow-dung, 
and c) and d) sand mould without cow-dung. 
 
 
Fig. 4 AFM images of casting surface texture: a) sand mould without cow-dung, and b) sand 
mould with cow-dung 
5. Conclusion 
The results of experimental investigation on sustainable moulding material and casting 
using cow-dung as both an additive and binder material reported in this paper. Experimentation, 
analysis, optimization, and comparative study are the major stages in this research. The 
following conclusions are drawn from this research work: 
1. The optimal values of input parameters, namely, percent of clay, water, cow-dung and 
number of stroke are found equal to 6, 4, 5 and 4 respectively. The response values 
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(measured through experiments) for these optimum parameters are found equal  to 55 
for micro-hardness, 5.9 ml/gm for gas evolution, and 470 gm/cm2 for mould 
collapsibility. 
2. It is found that cow-dung possesses good binding properties and do not emit toxic gases 
unlike saw-dust and chemical resin.  
3. The additive cow-dung has improved mould hardness and collapsibility that ensures 
high casting quality. 
4. The surface finish (4.04 µm) of the casting with cow-dung is better than the casting 
surface finish (4.68 µm) obtained without cow dung (4.68 µm). 
5. Castings produced in sand moulds with cow-dung addition resulted in improved 
mechanical properties, namely ultimate tensile strength and hardness and surface finish. 
6. The microstructure of the cast part obtained by using sand mould with addition of cow-
dung mould is found better. 
7. Cow-dung is a viable partial substitute for silica sand (with a possible replacement of 
5%) in green sand mould and sustainable casting production.  
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